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INTRODUCTION
The significance of hepatitis B virus (HBV) infection as a public health issue is of topmost concern in sub-Saharan Africa, particularly in Nigeria [1] . According to the most recent report by the World Health Organization (2016), the current global burden of hepatitis B infection is estimated to be 2 billion, of which 360 million are chronically infected at the end of 2016, while 620,000 deaths occur annually [2] . Despite the fact that Hepatitis B virus accounts for more deaths than each of HIV, tuberculosis and malaria [2] , the performance metrics of awareness, knowledge of transmission, vaccine prevention and control remain low in most affected (high risk) populations such as pregnant women in developing countries [3] .
In sub-Saharan Africa, hepatitis B virus remains a leading cause of chronic hepatitis, maternal complications, and neonatal deaths. Pregnant women therefore, serve as a major reservoir for the persistence and ongoing transmission of the virus within populations [4, 5] . HBV burden is further worsened by the high risk of co-infection with HIV within a generalized epidemic and poverty in this part of the world [1, 2] . Hepatitis B virus remains the most significant viral hepatitis due to the high transmission potential through blood and body fluids, especially among pregnant women [5, 6] . Its ability to cause chronic liver diseases such as liver cirrhosis and hepatocellular carcinoma, and a number of obstetric complications, before, during and after birth cannot be overlooked [6] . Similarly, pregnancy triggers physiological and in immunological response and a well known effect is the shift in the T helper 1-T helper 2 balance towards a T helper 2 response, which increases the presence/secretion of regulatory T cells and in turn contributes to a depressed immune response against the HBV pathogen [6] . This key change lowers the body's ability to mount an effective immune response, thereby resulting in the successful infection and proliferation of HBV DNA [6] . Such pregnant women are therefore at heightened risk of onward transmission to the unborn child especially in the absence of vaccine or prophylactic measures during the early phase of antenatal care.
The emergence of HIV in the past four decades, further worsened the complications due to hepatitis B infection in pregnant women as well as in the general population [7, 8] . Furthermore, the highly contagious nature of both viral infections and common route of transmission through blood and body fluids especially during unprotected heterosexual contact, mother to child transmission, and ability to cause chronic disease state in affected individuals, account for the dual burden of co-morbidity due to hepatitis B and HIV in pregnant women [8] . This has a broader implication in a generalized HIV epidemic context. Maternal complications due to HBV and HIV co-infection pose significant threat to the survival of both the mother and unborn child. On the other hand, in a low-resourced country such as Nigeria, the economic cost attributable to the impact of HIV and HBV coinfection has been well documented both at the microeconomic (individual) and the macroeconomic (household and population) levels [9] . In addition, a major epidemiologic implication is the increasing probability of dual transmission of new HBV/HIV infections in a mixed setting creating new chimeric recombinant forms (hitherto unknown) which may even pose a greater threat than the two separate epidemics.
Prevalence estimate of hepatitis B and co-infection with HIV has been reported across a number of studies conducted in various parts of Nigeria. Studies conducted in northern Nigeria showed evidence of intermediate to high hepatitis B burden in the northern region. For instance, Ndams et al. [10] reported a prevalence of 12.3% in a cross-sectional study of hepatitis B in 261 pregnant women in Minna, with the highest rate observed in the middle age group who are more likely to be sexually active than the younger or older age groups [10] . Findings from the study was further supported by a similar cross-sectional screening of 231 pregnant women attending antenatal clinic at the Federal Medical Centre, Yola, where an estimated 8.2% of the women had hepatitis B infection with the highest rate found in women in the middle age group [11] . Similarly, a 3.9% rate of HBV/HIV co-infection was found in 8000 women attending antenatal care across four health facilities in Kaduna in an unpublished study by Oneh, 2013 [12] . Furthermore, studies conducted in southern Nigeria provide evidence of a moderate to high prevalence burden of hepatitis B and co-infection with HIV in the region. A case in point is a study by Ojide and colleagues with a reported estimate of 15.5% prevalence rate of hepatitis B surface antigen in HIV outpatients clinic in Benin City, Nigeria [13] . In a separate study conducted by Oladeinde et al., 2013 [14] in the same region, prevalence of HBV and HIV infections was found to be 2.2% and 7.2% respectively. This study found the highest rate of infections in pregnant women with no formal education and with multiple sexual partners, which provides support for the role of mother's education as an effective preventive intervention as well as the well known impact of multiple heterosexual partnerships in the occurrence of new infections especially in the general population.
However, prevalence situation in the Niger Delta reveals a low to moderate burden. A 3% point prevalence was observed in a cohort of 10,032 pregnant women attending antenatal at the Braithwaite Memorial hospital in Port Harcourt [15] . Buseri et al. (2010) [16] also reported a 5.3% and 4.1% prevalence of HBV and HIV infections respectively in 1000 apparently healthy pregnant women in the reproductive age group in the same region.
Furthermore, blood transfusion has been implicated as a major route of HBV and HIV transmission in the pregnant women population after heterosexual contact, particularly in sub-Saharan Africa [17, 18] . It was also observed that significant differential exist with regard to hepatitis B and HIV infections between pregnant women receiving blood transfusion and those who do not as reported by studies in both developing and developed countries [19, 20] . In the same vein, despite high efficacy of HBV vaccine, low vaccine awareness, availability and affordability and immunization-related challenges affect uptake among pregnant women in Nigeria and thus account for the upward trend observed in recent years across the country [21, 22] .
Sadly, the government of Nigeria, till date, has no formal guidelines for the treatment and prevention of viral hepatitis in the general population and in pregnant women. As a result, there are no readily available services for pregnant women in most parts of the country and where services are available, the cost of screening and vaccine uptake continue to put these services out of the reach of the bottom majority who need it most.
However, few studies so far, have assessed the burden of hepatitis B and HIV co-infection and risk factor profile in pregnant women in Nigeria. The most recent attempt to estimate the burden of HBV in the region was a study by Anaedobe et al. (2015) which only considered 180 pregnant women all screened from the University College Hospital Ibadan, a tertiary hospital in the region [23] . In this study, we attempt to provide an improved and more representative estimate of the HBV prevalence burden in the region. Also, most of the reviewed studies from the extant body of literature are descriptive at best with little effort made to identify specific risk factors of infections in this high risk population. This study is therefore an attempt to fill the gap in knowledge, risk factors and population impact of hepatitis B infection in pregnant women and make useful recommendations informed by study findings.
METHODOLOGY
In this section, we describe the design process, field implementation and analytical procedures that were carried out in order to achieve the set objectives of this study.
Study Design
This study is a cross-sectional design set up to examine randomly selected samples of pregnant women attending antenatal care in ten (10) maternity centers in south-west Nigeria. A structured questionnaire with closed ended questions about HIV/HBV history and exposure of study participants was employed to collect data on each consenting individual.
Study Settings and Population
This study was conducted across 10 maternity facilities of the Redeemed Christian Church of God in Ogun and Lagos States. These maternities are set up to provide maternal and child health services (including HIV treatment and prevention) to pregnant women and nursing mothers within the community where they are resident. Overall, it renders services to a population of approximately 280,000 pregnant women nationwide. Pregnant women were randomly selected from the locations presented in Table 1 along with the average population size of pregnant women attended to in each maternity centre in a year.
Inclusion and Exclusion Criteria
All consenting pregnant women between age 15 and 49 years were considered eligible to participate in this research. Medical as well as religious birth attendants in the selected study sites were excluded from the study.
Study Sample and Sampling Method
In order to obtain the required sample size for this study, the formula:
was considered [24] . In the above formula, Z 1-α/2 is the standard normal variate with the value of 1.96 to estimate the significance of the P values at 5% type 1 error (P < 0.05), p is the expected proportion of P is the expected proportion of pregnant women with Hepatitis B infection in South West Nigeria -0.08 as reported in a previous study in the same region [23] . Finally, the absolute error or precision d of 0.04 was chosen for this study. From the above formula in equation (1), we obtained a direct sample size estimate of 177. However, as a final adjustment to the sample size, we accounted for a 20% non response rate and a resulting final sample size of 350. A total of 353 consenting pregnant women were included in this survey. A simple random sampling approach was used at each Maternity Centre to recruit the number required for each stratum (i.e. pregnant women) Whenever a pregnant woman refused to participate, a suitable replacement was considered until the required sample size was attained. A sampling frame that contained a list of all pregnant women attending maternity was generated from the 10 study sites. Each Maternity Centre keeps record of the medical history of all pregnant women attending antenatal care.
Data Collection
Data was collected on demographic variables such as age, education, and marital status. Knowledge and risk assessment variables such as HIV routes of transmission, and prevention methods, age at first sex, casual and regular sexual partner in the past 3 months, multiple sexual partners and history of sexually transmitted infections in the last three months were also generated using an anonymous self-administered questionnaire. A total of 12 paid study assistants were used for the distribution of the questionnaires to selected pregnant women who also retrieved the questionnaires. The technical assistance of the Redeemed Action Programme Action Committee on AIDS (RAPAC) was solicited in the conduct, administration and testing of study participants across the various study locations. To ensure that study participants have full comprehension of questions, participants had interviewed in their first language of choice. This study examined the knowledge level of pregnant women about hepatitis B virus infection (HBV) such as; person to person spread of HBV, previous HBV testing, knowledge of result, ever gone for treatment, HBV as a cause of liver cancer, prevention of HBV infection by use of vaccine, and sexual and blood transmission of the virus. Complaints of genital sores or ulcers were also noted. All variables were close-ended with a binary code assigned "yes = 1" and "no = 0".
Data Management
Data management activities such as validation of correctness and completeness of each questionnaire, data entry and coding for analysis were carried out in Excel spreadsheet. The cleaned data was exported into Stata version 12.1 statistical software package for analysis by a Statistician.
Data Analysis
Descriptive analysis was carried out according to the objectives of this study. Summary statistics such as mean and standard deviation were employed to describe continuous variables while frequency tables and percentages were utilised for categorical responses. Significant difference and association between variables were assessed at 95% level of confidence and 5% alpha level. This implies that only probability values (p-values) that are <0.05 are considered significant. Findings were also presented in tables and graphs.
Reliability and Validity
The reliability of the self-developed questionnaire was assessed by administering it to a small sample of 20 pregnant women twice and measuring the reliability ratio. The content validity of the questionnaire was assessed by an experienced researcher in the field of HIV/HBV and pre-tested on a small sample of 20 non-eligible participants (i.e. those who were in management positions) selected across the maternity centers. The objectives of the exercise were explained to them that they were meant to assist in assessing the clarity of questions, usability and logistics of administration. Subsequently, necessary adjustments were made using this information. The participants used for reliability and validity checks were excluded from the final research since they had been sensitized to the research questions and some of them did not meet the inclusion criteria.
Bias
This study may be subject to various kinds of bias commonly associated with cross-sectional survey research. For instance, selection bias may occur due to the fact that pregnant women who attended these maternities are more likely to be affiliated to the Redeemed Christian Church of God (RCCG) Mission. To minimize nonresponse bias, the questionnaire was made anonymous and confidentiality of test results assured. Voluntary consent form was completed and collected before the questionnaires were handed to the participants. There was also the possibility of recall bias as respondents had to recall past experiences to answer the questions in the questionnaire.
Ethical Considerations
As part of ethical considerations, participants were made to give their fully informed consent by signing the consent form, on which was stated the summary of the research project (title, scope, aims and purpose), benefits to society and study participants. The consent form clearly stated the voluntary nature of the research indicating that participants are free to decline to participate. The questionnaire did not capture the participants' identification particulars, thus ensuring anonymity 3. RESULTS
Brief Description of Study Facilities
This study was conducted across ten health facilities as presented in Table 1 along with their geographic coordinates in two states of south-west Nigeria. The annual average of antenatal visits across these facilities range from a 120 patients to 4500 patients with an overall estimated average of 1219 patients per year. (This excludes the Akute Ajuwon centre with no information available). The overall response rate for this study was 100%.
BRIEF DESCRIPTION OF STUDY PARTICIPANTS
We present the distribution of study participants across the ten facilities by socio-demographic characteristics in Table 2 . A total of 353 pregnant women on antenatal care participated in the study with 100% overall response rate to survey structured questionnaire and HBV testing. Highest rate of participation (69%) was found in pregnant women in the 25-34 years age group comprising of at least 60% of respondents across all the health facilities ( Table 2) . A significant number of the respondents (≥84%) were married with at least primary education. This trend was consistently observed across the ten facilities. Table 3 shows the distribution of HBV seropositivity status of the study population tested across the ten facilities. The overall prevalence of HBV infection was estimated at 10.5% (95%CI: 7.5%-14.2%) derived from a total of 37 positive cases in the study population. The highest prevalence rate was observed in the RCCG health facility while the lowest rate of 0% was found in Abule Egba health facility (Table 3 ). Table 4 shows prevalence distribution of HBV by key socio-demographic characteristics of study participants. Highest prevalence of HBV infection was observed in pregnant women in the 25-34 years age group with an estimate of 12.2% HBV infection in the study population. The oldest group (≥35 years) had similar rate (6.8%) to pregnant women in the lowest age bracket (5.7%) had relatively similar infection rate. In addition, an absolute rate difference of 7.6% was observed in HBV infection between pregnant women from the less urbanized Ogun State and the metropolitan city of Lagos State. This difference was statistically significant. Of particular interest is the observation of a dose-response relationship found between HBV positivity and the number of previous children reported in the study population. This does-response effect was most amplified between pregnant women with no previous child and those with 1 child (a substantial absolute difference of 7.7%). Consequently, 14.4% of pregnant women who had had at least 2 children previously had HBV infection and this was statistically significant (Table 4 ). This implies therefore that the higher the number of previous children reported, the higher the likelihood of HBV infection in the study population. In contrast, no distinct dose-response pattern was found between education and HBV infection with highest rate observed in pregnant women that had secondary and primary education (12.5% and 12.4% respectively).
HIV PREVALENCE IN STUDY POPULATION

HBV PREVALENCE ESTIMATES DISTRIBUTION BY SOCIO-DEMOGRAPHIC CHARACTERISTICS
A COMPARATIVE ASSESSMENT OF HBV KNOWLEDGE AND EXPOSURE
In order to further characterize the predictive pattern of HBV infection in the population, this study conducted a comparative assessment of HBV positive and negative pregnant women regarding knowledge of HBV infection and its transmission and previous testing as presented in Table 5 . We found marginally significant evidence in the difference between the HBV positive and negative pregnant women with regard to previous HBV test. The result showed that higher proportion of HBV negative pregnant women had had HBV test prior to the study (a percent point difference of 12.4%.
On the other hand, we observed a very poor rate of knowledge of previous HBV results in both groups as only 1 pregnant woman in the entire study population reported knowledge of previous HBV result (Table 5) . Similarly, higher proportion of HBV negative participants (66%) believed that HBV is more easily spread than HIV relative to 46% in HBV positive pregnant women (p-value = 0.012).
Another key aspect of our finding is that blood transfusion in the past 3 months was reported 5 times more likely in the HBV positive pregnant women relative to their negative counterparts (Table 5) . This was found to be statistically significant. A comparative high proportion of both groups had knowledge that HBV is vaccine-preventable (>90%) and can be transmitted through blood (>70%). On the other hand, a statistically significant difference was found in the knowledge of HBV transmission through sex. HBV negative pregnant women had higher knowledge of sexual transmission of HBV infection.
INFERENTIAL ANALYSIS OF HIV RISK IN THE STUDY POPULATION
We implemented a logistic regression model to obtain age adjusted effect of significant risk factors. The result is presented in Table 6 . The model showed marginal evidence for increased odds of HBV infection in pregnant women from Ogun state while other factors in the model are held constant. In addition, knowledge of HBV being more easily spread than HIV significantly reduced odds of HBV infection by 60% (OR: 0.41; 95% CI: 0.19-0.88). A similarly protective effect was observed with regard to knowledge of HBV transmission through sex with 70% reduction in odds of infection (OR: 0.30; 95% CI: 0.11-0.82). On the other hand, pregnant women who had blood transfusion in the past three months had 9 times significantly greater odds of HBV infection.
However, only two pregnant women had co-infection with HIV resulting in a low HBV/HIV prevalence burden of 0.57%.
ASSESSMENT OF IMPACT MEASURES OF RISK FACTORS OF HBV INFECTION ON THE PREGNANT WOMEN POPULATION
We further examined the public health impact of exposure risks within the various categories of factors investigated to better quantify the increment and preventive impact of public health measures. The two key measures considered for the purpose of this study are the attributable fraction (also known as attributable proportion) simply defined as the proportion of HBV infection in the exposed group that can be attributed to the exposure. Similarly, it may also be described as the proportion of disease in the group that could be prevented by eliminating the risk factor. Giving the cross-sectional study design of the current study, we derived odds ratio-based estimates of attributable proportion and preventive fraction in line with the relative risks based estimated commonly used in cohort based studies. The second category of impact measures considered is the population attributable fraction which is briefly defined as the proportion of HBV cases in the entire study population that can be attributed to the exposure. On this premise, while the first measure is exposure group specific, the second measure simply scales the impact of the effect to the entire population in the study. We present the result in Table 7 . We particularly noted the impact of four significant risk factors after adjusting for socio-demographic effects. These are parity, knowledge of HBV transmission, blood transfusion in the past three months and HBV transmission through sex. The attributable proportion of HBV infection among pregnant women with at least 2 previous children was 42%. In other words, 42% of all cases of HBV infections in this exposure category are actually due to the effect of this exposure group. On the other hand, a statistically significant preventable fraction of 81% was found in pregnant women with no history of previous birth (Table 7) . With regard to knowledge of HBV easier transmission than HIV, we found a statistically significant preventable fraction of 58% in those who had this knowledge compared to those who did not. In contrast, blood transfusion in the past 3 months is attributable to 82% of all HBV infected pregnant women who had blood transfusion in the past 3 months. Finally, we found a statistically significant 68% preventable fraction in the odds of HBV infection in pregnant women who had knowledge of HBV transmission through sex.
DISCUSSION
This study examined the prevalence of the Hepatitis B virus (HBV) infection among pregnant women enrolled for antenatal care across ten facilities in Lagos and Ogun States, Nigeria. The overall HBV prevalence estimate in this study population was 10.5%. This estimated burden effectively classifies HBV infection as highly endemic (>8%) among pregnant women in south-west Nigeria according to the World Health Organization [25] . This provides another more recent evidence for the persistence of the Hepatitis B virus infection burden and spread in Nigeria. The prevalence estimate was consistent with similar studies conducted in the region and other parts of the country. For instance, the recent and most nationally representative HBV prevalence burden was reported to be 12.2% [26] , while the most comprehensive meta-analytical study conducted till date (2000-2013) on HBV burden in Nigeria found an overall pooled estimate of 13.6% national prevalence and a 14.1% burden in pregnant women attending antenatal clinics across the country [27] . A similar study conducted in the region at the University College Hospital Ibadan, found 8.3% frequency of HBV infection in the study population [23] .
A comparative estimate was found in studies conducted in the northern part of the country. For instance, Ndams et al. (2008) [10] found a 12.3% HBV prevalence rate among pregnant women in Minna, Nigeria while a case-control study by Yakasai and his colleagues (2012) reported an estimate of 7.9% HBV prevalence burden in pregnant women of child bearing age at Aminu Kano Teaching Hospital Kano, northern Nigeria. Similar estimates were found in the north-central part of the country; 11% in Markurdi [28] and 7%-8% in Abuja [29, 30] . However lower prevalence rates have been reported by recent studies in the south-south region of Nigeria; viz 2.2% among pregnant women receiving ANC in a traditional birth home in Benin City [14] and 2.9% in a five-year prevalence study in Port Harcourt [15] .
In addition, in this study, we found that pregnant women from Ogun state (13.2%) are 2. Furthermore, a statistically significant dose-response relationship was observed between parity and the likelihood of HBV infection. Findings showed a significant increase in the likelihood of HBV infection with the increasing number of parity in the study population. A similar study conducted by Ngaira et al. (2016) [34] found significant association between parity and risk of HBV infection in Kenya. This association strongly suggests the institutional factors within health facilities that may account for the higher number of cases observed in previous pregnancies. With each succeeding pregnancy, women are likely to visit the healthcare facility for antenatal care services, which may require injection of fluids or blood into the body in emergency situations or due to complications. On the other hand, majority of pregnant women previously tested HBV positive may have had the HBV DNA replicating in their body since their first or second parity, while they never seek treatment either due to lack of knowledge of their positive status or lack of affordable access to effective treatment. The observed higher rate in pregnant women in the middle age group may be due to high frequency of sexual activity with their partner which makes them more likely to become pregnant and thus seek antenatal care services at health facilities [35] .
In addition, pregnant women with history of previous HBV test and HBV transmission have a likelihood of reduced HBV infection. This finding is consistent with already known effectiveness of knowledge of HBV transmission and its translation to reduced risk of infection in this high risk population. Another key finding from our study is the significant association between blood transfusion and HBV infection as HBV positive pregnant women were 5 times more likely to have had blood transfusion in the past 3 months. This finding is consistent with similar studies conducted in Nigeria [5, 11, 23, 36] and elsewhere [19, 34] . One key explanation for this observed association is the fact that pregnant women in developing countries are prone to obstetric complications due to poor health infrastructure, high cost of specialized medical services along with sub-optimal clinical practices and lack of essential skills among health personnel required to effectively manage their conditions [3, 26] . As a result, it is not uncommon for emergency situations to arise at critical point of care that warrants transfusion of blood. However, in most cases of blood transfusion in such a poorly monitored health care setting, blood screening for infections such as HBV and other blood-borne pathogens are rarely conducted on a routinely basis. This accounts for the often reported association between blood transfusion and higher HBV infection in pregnant women as reported by previous studies in Nigeria and other developing countries [15, [35] [36] [37] . We also found evidence for the continuing effectiveness of knowledge of HBV sexual transmission as a potent risk reduction tool in the study population. Given the high knowledge of HBV vaccine in the study population, effort to make HBV vaccine accessible and available to this population will provide significant public health gains in terms of impact measures attributable to this exposure and subsequently reduce the transmission and rate of HBV spread.
In conclusion, the observed high prevalence of HBV infection in this study population provides evidence for the high endemicity of HBV infection among pregnant women in south-west Nigeria and the need for urgent intervention effective at a population scale. The evidence in this study shows that the screening of blood and blood products within healthcare facilities remains a topmost public health intervention priority if the gains due to high knowledge of transmission are to be effectively translated to progressive trends in prevention and control.
STUDY LIMITATIONS
The cross-sectional study design of the study did not allow for estimate of HBV risk in this high risk population group. Secondly, a sample size of 353 is still relatively small for an accurate estimate and representative estimate of HBV burden (HBsAg-surface antigen) in pregnant women in south-west Nigeria; hence, we consider this an improved estimate relative to previous studies. More so, only ten health facilities were screened which do not give a representative sample for the total health facilities present in the south-western Nigeria. Finally, we only screened for the hepatitis B surface antigen (which provides estimate of existing infection) rather than hepatitis e-antigen (which provide better estimate of recent HBV transmission in the study population and intensity of viral DNA replication).
